accepted, with performance above the already-challenging specifications. ALMA's flexibility has increased with the enhancement of the baseline correlator with additional channels and flexibility, and with the addition of a separate correlator for the ACA. As an example of the increased flexibility, ALMA is now capable of multi-spectral-region and multi-resolution modes. With the former, one might observe e.g. four separate transitions anywhere within a 2 GHz band with a high resolution bandwidth. With the latter, one might simultaneously observe with low spectral resolution over a wide bandwidth and with high spectral resolution over a narrow bandwidth; this mode could be useful for observations of pressure-broadened lines with narrow cores, for example. Several science examples illustrate ALMA's potential for transforming millimeter and submillimeter astronomy.
Keywords ALMA · Spectroscopy 1 Introduction: a boom time for IS spectroscopy Correlator technology has benefitted from huge increases in data processing ability in recent years. The first of the new generation of correlators is already producing a flood of new spectral line data.
At NRAO, the Green Bank Telescope (GBT) combines a collecting an effective area roughly commensurate with ALMA's with powerful correlator capacity. Furthermore, it provides nearly complete frequency coverage below 50 GHz, with initial bolometric array tests at 90 GHz producing promising results. Nine new molecules have been identified in the past two years, including most recently the first negatively charged interstellar molecule, C 6 H − (McCarthy et al. 2006) . Enhancement of the Very Large Array (VLA) will provide it with vastly increased correlator capacity within the next few years, as well as nearly complete frequency coverage below 50 GHz. Correlator capacity at IRAM and at CARMA has also recently increased and in the submillimeter regime, the Submillimeter Array is pioneering interferometric imaging in the last accessible atmospheric windows. ALMA combines total power and interferometric modes of radio imaging. It will provide complete frequency coverage, initially from 84-950 GHz, a pair of flexible and powerful correlators, a high (5000 m) dry southern hemisphere location with a large collecting area (initially 6900 m 2 ). It will image line emission from celestial objects with about two orders of magnitude more sensitivity than has been available, and with resolution up to two orders of magnitude better than has been provided before.
Elements of ALMA

Science requirements
Annex B of the ALMA Bilateral Agreement set ALMA's highest level science requirements. The highest level science requirements that have determined the ALMA parameters are the ability to: (1) detect spectral line emission from rotational spectral lines of the carbon monoxide molecule, atomic and ionized carbon in a galaxy with the properties of the Milky Way at a redshift of z = 3 (de Breuck 2005) in less than 24 hours of measurement, (2) image the kinematics of gas in protostars and protoplanetary disks around young solar type stars out to a distance of 500 light years (Richer 2005; Wootten et al. 2004 ). This represents the distance to the nearby well-known clouds in Ophiuchus, Taurus or Corona Australis, and (3) provide precise images at an angular resolution better than 0.1 . Here "precise" means that the ratio of the most intense to weakest feature in the image can reach 1000. This applies to sources that transit at more than 20°elevation at the ALMA site (Richer 2005).
The key features of ALMA which will allow it to achieve these key science goals are routine milliJansky sensitivity (as a result of the superb site, the receivers, which define the state of the art, and the large collecting area of ALMA) and high resolution (afforded by the long baselines on the extensive site).
Progress at the superb site
ALMA construction has rapidly progressed. In ALMA labs worldwide prototypes of nearly all elements of ALMA have been tested. These elements are now being brought together at the ALMA Test Facility in New Mexico. There prototype integration of ALMA components into a functioning whole is ongoing. In February 2007, for example, fringes were detected from a transmitted signal external to the antennas; fringes from astronomical sources will soon be assessed.
The site shows excellent submillimeter transparencyatmospheric characterization shows that τ (490 GHz) ≤ 1 for 70% of the time during the six months encompassing winter. Construction of the infrastructure necessary to support ALMA has reached an advanced state. The 51 foot wide, 43 km ALMA road, passable already at the ALMA groundbreaking on 2003 November 6, has been finished. The 2900 m altitude ALMA Camp sleeps and feeds ALMA personnel in its 32 bed facility while the Contractor Camps bed and feed supervisors and workers (currently numbering more than 350) with offices and recreational facilities. ALMA personnel will move to the future Operations Support Facility, now in construction. The Technical Building at the 5000 m altitude Array Operations Site is complete. John Conway, Mark Holdaway and collaborators have produced a new 186-station design for the ALMA configurations, optimized for staged deployment of up to 64 antennas in addition to the 16 antennas of the Atacama Compact Array (ACA). The construction of the first antenna pads has been finished at the 2900 m facility. Early in 2007 the first production antenna will arrive at the Contractor's camp for assembly before it moves to the project testing area in mid-2007. As characterization of ALMA equipment is completed and that equipment moves to the site for scientific deployment, thoughts turn toward the scientific output of ALMA.
Receivers
The four first cartridges from partners in Europe and North American have been assembled and tested in the dewar in the Front End Integration Facility at the NRAO Technology Center in Charlottesville. Tests show that all of the preproduction cartridges are exceeding the specifications given in Table 2 . For example, for Band 6 (1.3 mm), a receiver temperature of ∼40 K has been measured in the lab. This measurement has been verified on the sky. Mixer/preamps
